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Deep frying is commonly used in the food industry and domestic households. Fried foods which 
are high in fat content are becoming a regular diet globally. The physical and chemical changes 
and oil uptake contributes to the unique taste and texture of fried foods. The consumption of food 
high in fat content and low in nutritional value such as dietary fibre is a health concern.  Consumer 
awareness has led many food industries to find ways and alternatives to reduce the fat content while 
maintaining the organoleptic properties of fried foods. This research was carried out to investigate 
the effects of adding lupin flour, food gums (0.25, 0.75, 1 and 2 %) and pre-drying (60 and 90 min) 
of fried chips.  
The fat content was significantly reduced when samples were pre-dried for 60 and 90 min at 55 ± 
°C.  Each food gums had different effects on the reduction of fat and moisture content. The 
correlation between moisture content before frying and fat content of chips with or without food 
gums, confirms that decreasing the moisture content before deep-frying can be used to produce 
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1. Introduction   
 
Deep frying is commonly used in the food industry to produce ranges of food products with high 
consumer acceptability. The physical and chemical changes attribute to the crispy and crunchy 
texture of the chips making it very popular snack food all over the world. The high-fat content and 
low nutritional value of fried chips, consequently, contributes to the increasing rate of obesity, 
cardiovascular diseases and other related diseases and affect consumers health and well-being. 
These health risks have led the food industries for decades to reduce the fat content and increase 
the nutritional value of commercial fried chips while retaining the favourable characteristics at a 
considerable cost.  
The factors that influence oil absorption, such as the development of the porous crust, surface area 
and roughness, frying time and temperature are all associated with the food moisture content before 
deep frying. The methods in reducing the oil uptake while producing high quality fried food have 
been an interest to many types of research. They found that reducing the moisture content by pre-
drying effectively reduces the oil uptake during deep frying. Also, the addition of some food gums 
showed a promising result in lowering the fat content of some fried foods while improving product 
quality. The addition of lupin flour high in protein and dietary fibre has been successful in 
increasing the nutritional value in some processed food such bakery products while improving the 
sensory properties of the final product.  
In this study, lupin flour and food gums were incorporated into the chips’ formulation. Combining 
food gum concentrations and pre-drying time for 60 and 90 min was investigated in reducing fat 






• To determine the effect of food gums and pre-drying treatments on the fat content of chips.   









2. Literature Review 
2.1 Introduction  
Deep frying is commonly used in the food industries to produce ranges of food products with high 
consumer acceptability. The process of deep-frying has shown effects on the sensory and 
nutritional characteristics of fried foods. The physical and chemical changes during deep drying 
have attributed to the favourable characteristics such crispy and crunchy texture of the potato and 
corn chips, making this snack food popular all over the world. However, the high-fat content of 
fried food has contributed to the increasing rate of obesity, cardiovascular diseases and other related 
diseases with the high-fat diet. 
Accordingly, the amount of moisture content of fried chips is associated with the crispiness and 
longer shelf life of the final product. On the other hand, the oil absorbs during frying changes the 
composition, texture, size and shape of the food, resulting in the loss of nutrients, specifically 
vitamins. There is a growing interest to know the methods that could minimise the oil uptake and 
to reduce the fat content of fried food. This study was designed to determine the reduction of the 
fat content and increase the nutritional value of fried chips while keeping the favourable 






2.2 Chemical composition of fried chips  
 
Fried chips high in carbohydrates, high in fat content, low in protein and dietary fibre are classified 
as ‘junk food’ (Table 1). Commercially fried products such as potato chips and tortilla chips are 
the biggest seller in the USA, worth millions of dollars (Gupta, 2009). Consequently, fried chips 
with up to 40 % fat content are a concern to human health and wellbeing (Moreira, Sun & Chen, 
1997; Saguy & Dana, 2003). Furthermore, McGee, (2004) reported the dietary lipids commonly 
referred to as fats or oils attributes to the flavour, moist, and the pleasurable and persistent 
smoothness, making it ideal for cooking. 
 
Table 1. Chemical composition of fried chips 
 















































2.3 Health concerns in consuming food high in fat content  
 
According to Eyres, (2017), cooking oil frequently used for deep frying, such canola oil, peanut oil 
and sunflower oil are predominantly monosaturated and polysaturated, and are profound to its 
nutritional properties and frying stability (Table 2). In contrary, coconut oil high in saturated fat 
was found to reduce health risk related to obesity and cardiovascular diseases (Fernando et al., 
2015). Also, they reported that the high consumption of trans fat, saturated fat, monosaturated fat 
and polysaturated fat is the type of fatty acid that attributes to obesity and cardiovascular diseases 
(Varela & Fiszman, 2011). According to Eyres, (2017); Brysksa & Yada, (2009), highly oxidised 
oils and heat abused frying fats are detrimental in health and reduce the nutritive value of the final 
product. Therefore, the consumers increasing demand for low-fat food and better nutritional value 
while retaining the favourable characteristics of fried food at a considerable cost has been a 
challenge by food industries up to date.  
 
        Table 2. Oil used for deep frying (Eyres, 2017) 
 




Canola oil 7 63 30 
Coconut oil 92 6 2 
Peanut oil  19 45 36 






2.3.1   Overweight and obesity  
Overweight and obesity are common conditions in developed societies and are becoming more 
common in developing countries. Furthermore, food high in fats were found to be cheaper with 
easier access to long-distance transport and more readily purchased by those in the lower 
socioeconomic situation (Mann & Truswell, 2017).  
2.3.2 Cardiovascular diseases  
 
Cardiovascular disease is a common condition found in most high income and many low- and 
middle-income societies. Accordingly, fried foods containing up to 45 % fat of total product weight 
are associated with the cardiovascular disease commonly seen with those overweight or obesity 
conditions (Pinthus et al., 1993; Mann, & McLean, 2017).  
2.4  Increasing the nutritional value of chips  
 
Increasing the chips nutritional value such as protein and dietary fibre could lead to better health 
even with the regular consumption of the popular snack food.  
2.4.1 Australian lupin flour 
 
Australian lupin (Lupinus angustifolius L.) contains 40 % protein and 28 % dietary fibre, a legume 
commonly grown in Western Australia. Also, lupin is underutilised as a human food source and 
frequently used to be fed to livestock in some countries (Petterson & Crosbie, 1990). Accordingly, 
the lupin flour chemical composition was reported to lower blood cholesterol and the prevention 
of chronic diseases. Particularly, its high fibre, high satiety and low energy density are the qualities 
compatible in countering overweight and other health risks related to obesity (Venn, 2017). 
Therefore, its high nutritional value and functional properties have attracted many interests 




2.4.2 Dietary fibre and protein  
 
High protein and high dietary fibre diets are recommended to improve human health. However, 
low-fibre intake is a major dietary problem in most developed countries (Truswell, 2017). The 
daily recommended intake of dietary protein is 34 to 56 g (Trumbo et al., 2002; Truswell, 2017). 
While the daily consumption by 20 to 30 g of dietary fibre sourced from fruits, vegetables and 
whole grains lowers energy intake which is beneficial for overweight or obese person and 
provide protection from the risk of colon cancer (Tungland & Meyer, 2002; Nassar-Abbas & 
Jayasena 2012; Mann & Truswell, 2017; Truswell, 2017). Also, the median intake of dietary fibre 
lowers the risk of coronary heart disease (Trumbo et al., 2002).   
2.4.3 Effects of lupin flour  
 
Substitution of lupin flour to wheat flour is commonly used to increase the dietary fibre and protein 
in some products (Table 3). The addition of 19 % of lupin flour in pasta was reported to increase 
the protein from 12 to 21 %  and dietary fibre from 3 to 15 % while enhancing the physical 
properties of the final product (Hall & Johnson, 2004). Similarly, the addition of 10 % lupin flour 
in cookies increased the protein from 7 to 10 % and dietary fibre from 1 to 6 % and improved the 
food quality. Furthermore, the addition of 10 % lupin flour in bread increased the protein from 9 
to 13 % and dietary fibre from 3 to 5 %, while increasing satiety and palatability (Hall & Johnson, 
2004). According to Hall et al. (2005), utilising lupin flour to enhance the nutritional value of 
process food can be beneficial in controlling type 2 diabetes, cardiovascular disease and obesity 
due to its low Glycaemic Index. Also, the addition of  30 and 20 % lupin flour into muffins and 
biscuits mix respectively, can potentially increase the protein by up to 42 % and dietary fibre by 
up to 32 %, while improving the physical and sensory properties of the final products (Jayasena & 





Table 3. Nutritional composition of products with lupin flour 
 








































































2.5 Mechanism of oil uptake during deep frying  
 
Understanding the mechanism of oil uptake during deep-frying will facilitate the food industries 
into optimising the solutions in reducing the fat content while retaining the favourable 
characteristics of fried foods at a considerable cost (Lumanlan et al., 2019). The elements 
influencing the oil uptake during the process are as follows: 
2.5.1 Deep frying  
The immersion of food in hot oil or deep fryer is one of the oldest forms of food preparation.  
Dating back to 1600 BC, cooking oil is an effective medium of heat transfer that contributes to 
food quality (Sahin & Summu, 2009). Oil content is often not necessary in the food quality, and 
even a disadvantage to food manufactures higher operating cost and consumers health (Annapure 
et al., 1999). Deep frying commonly carried out in the hot oil at 120- 200 ºC, causes chemical and 
physical change. The main chemical change is the hydrolysis of triacylglycerols, resulted in the 
formation of the free fatty acids and diacylglycerols, while the air that was released into the frying 
system is oxidated to form free radicals (Ziaiifar et al., 2008). The main physical changes are the 
development of crust, thickness and change of colour and gelatinisation. The development of 
desirable colour, texture and flavour has gained more popularity in fried food. Consequently, deep-
fried food, such as chips with up to 40 % fat content is highly consumed in the world and becoming 
a concern to human health and wellbeing (Saguy & Dana, 2003).  
Given that the oil used in deep frying remain liquid, whereas the moisture within the food is 
vaporised, partially or completely drying of the food achieves the desired product quality. 
Lumanlan et al. (2019) reported that more water loss during deep-frying resulted in more oil 
absorption. For example, higher temperature, rapids the development of thicker crust resulted in 




time resulted in higher fat content. It was concluded that continuous deep-frying leads to more 
water loss and formation of thicker crust favourable to oil absorption (Baumann & Escher, 1995; 
Vitrac et al., 2000). 
2.5.2 Oil uptake  
Oil uptake is a complex process which involves numerous physical, chemical and structural 
transformations during frying (Lumanlan et al., 2019).  The surface phenomenon is an equilibrium 
between adhesion and drainage with a most significant part of the fat absorption is at the end of the 
frying period (Dana & Saguy, 2006; Ufheil & Escher, 1996; Ziaiifar et al., 2008). The bubble 
endpoint characterized as the noticeable stop of water loss from the product during frying.  
During cooling, the competition between oil outflow and the suction within the crust resulted in 
higher fat content in potato chips (Moreno et al., 2010). For example, the crust of the french fries 
contains about six times as much oil as the inner part (Aguilera & Gloria, 1997), and oil remains 
on the porous surface region (Keller et al., 1986). The oil, mainly located on the surface of potatoes, 
was confirmed using an electron scanning microscope (Lisinska & Golubowska, 2005).    
To further understand the oil uptake during deep-frying the total oil content is divided into three 
parts; (i) Structural oil (STO), oil absorbed in the microstructure during frying time; (ii) 
Penetrated surface oil (PSO), oil migrated into the product during cooling after food is taken out 
from the deep fryer; (iii) Surface oil (SO), oil adhered to the surface and can be easily removed as 
shown in Figure 1 (Bouchon et al., 2003). The order of distribution has been used to summarise 
and quantify the oil fraction in fried potato products (Bouchon et al., 2003; Pedreschi et al., 2008; 
Zhang et al., 2016; Zhang et al., 2018). The values derived from SO, PSO and STO, were 





         
          Figure 1. Oil distribution after deep frying (Lumanlan et al., 2019) 
 
 
Table 4 shows the percentages of the distribution of PSO, STO, and SO in fried potato products. 
During deep frying, the oil absorption started as soon as the potato products surface was dried 
slightly. Potato cylinders STO remained constant at 5 % at all frying conditions; this could be due 
to the rapid escape of water and the turbulent bubbling preventing the oil-absorbing into the porous 
structure, limiting the oil uptake while food is in the deep fryer. The continuous frying time resulted 
in the disruption of the solid matrix thickened the crust and developed more porosity allowing the 
oil to penetrate after the food was taken out from the fryer. Most fat located in the SO and PSO has 
increased to 9 % and 88 %, respectively at 170 ⁰C up to 5 min frying time (Bouchon et al., 2003). 




from 2 to 12 min resulted in decreasing PSO from 87 to 50 % and the SO remained constant at       
4 %, independent of frying time, therefore, longer frying time resulted in evaporating more water 
formed more voids, escalated SO from 9 to 45 % (Zhang et al., 2016). Notably, Bouchon et al. 
(2003) constant low STO was possibly due to using a thicker slice of potatoes with shorter frying 
time. Pedreschi et al. (2008) reported that increasing the temperature from 120 to 180 ⁰C with 
decreasing frying time from 20 to 3 min increased PSO of the potato chips from 69 to 90 %, 
respectively. The temperature changes have generated pressure in the pore and led more oil 
penetration into the microstructure during cooling. The drop in STO from 30 to 5 % was due to 
higher internal pressures developed at a higher temperature making it harder for the oil to be 





Table 4. Oil distribution as a percentage of the total oil after deep frying  
























































2.5.3 Heat and mass transfer 
During deep frying, the heat and mass transfer takes place simultaneously. The mass transfer 
occurred during the loss of water from inside to outside, replaced by surface oil while immersed in 
hot oil. Accordingly, the heat transfer between the oil and product was controlled during the frying 
process (Ziaiifar et al., 2008). The frying oil being the heating medium, represents up to 40 % of 
the total mass, although most fats were found in the crust of the final product such as chips 
(Aguilera & Gloria-Hernandez, 2000; Ziaiifar et al., 2008). Notably, the oil does not penetrate into 
the microstructure, but enters to the voids during the breaking down of the cells when water was 




fryer (Vitrac et al., 2000; Ziaiifar et al., 2008; Varela & Fiszman, 2011; Huang & Fu, 2014). 
Furthermore, the development of the thicker crust from the rapid moisture evaporation during deep-
frying limits the oil migration into the inner structure while increases the oil uptake during the 
cooling period (Farkas et al.,1996; Cortes et al., 2014; Koerten et al., 2017). 
2.5.4 Oil uptake during deep frying and cooling 
During deep frying, the water loss that led to moisture evaporation expanded the capillary pores 
resulted in oil adhering on the surface of the food.  Limited oil is absorbed during this process while 
the steam is escaping while food is immersed in the hot oil (Mehta & Swinburn, 2001). However, 
after food was removed from the deep fryer, the oil penetrated in the microstructure by vacuum 
forces was from evaporative cooling (Moreira et al., 1997; Duran et al., 2007). Indeed, the oil 
absorption is slower during frying and the oil absorbed during the cooling time fill up the pores 
developed during frying (Ziaiifar et al., 2008). According to Garmakhany et al. (2008), about 20 
% of oil uptake takes place during deep frying and about 80 % during cooling. These results are 
similar to the findings of Bouchon et al. (2003) and Dueik & Bouchon (2011). The author stated 
that the rapid release of water vapour limits the oil absorption into the porous crust developed 
during deep-frying, and more oil was absorbed during the cooling period.   
During deep frying of the potato chips and tortilla chips, the absorbed total oil was 38 and 20 %, 
respectively (Table 5). After cooling, the situation was reversed, the chips absorbed 65 and 64 % 
total oil content, and the rest of the oil remained at the surface crust of the final product. Therefore, 
the temperature change has affected the oil distribution during frying and cooling of the chips. 
When food is removed from the hot oil, the temperature drops, and the pressure within the pores is 
reduced. The interfacial tension between oil and air increases as temperature decreases and surface 




Duran et al., 2007).  Despite the different oil measurement, the total oil distribution in chips resulted 
in a similar trend.  
 
Table 5. Oil distribution during deep frying and cooling period  
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(% db) 
Surface total 
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2.6 Factors affecting oil uptake  
Factors affecting oil uptake during deep-frying contributes to the fat content. Identifying the aspects 
that influence oil absorption will be useful to food industries during the processing of low-fat chips.  
2.6.1   Porosity  
The rapid and continuous water evaporation during deep-frying resulted in the structural changes, 
such as surface dehydration and development of porous structure (Baumann & Escher, 1995; 




crunchy texture of the potato chips, consequently, resulting in a fat content increase (Yang et al., 
2017).  For example, the development of the crust in french fries was found nearly six times more 
porous than the core indicating its capacity for oil absorption (Ziaiifar et al., 2010).  
During deep frying, the moisture converted into steam and escape through the microstructure, 
damages the cells and expands the pores forming tunnels of capillaries (Saguy & Dana, 2003). The 
vigorous release of water vapour, creating a barrier, could prevent oil migration into the porous 
crust and limits oil absorption during frying (Dueik & Bouchon, 2011). Nevertheless, after the food 
is removed from the hot oil, a condensation of water vapour in the porous crust creates a ‘vacuum 
effect' absorbing more oil (Bouchon et al., 2003). 
2.6.2 Effects of pore radius  
Oil uptake through the vertical capillary tubes of the pore radius is illustrated in Figure 2. After 
water evaporation was ceased, there was a reduction in the pore volume (Ziaiifar et al., 2010). It 
was assumed that narrow pores trapping more air could increase the oil uptake during deep-frying 
(Dana & Saguy, 2006; Ziaiifar et al., 2008). Also, oil uptake in a vertical capillary is lower when 
pores are larger, and oil impregnation is deeper when pores are smaller. Therefore, after the oil was 
drained and dripped during cooling, some larger pores are left with no fat (Moreira et al., 1997; 
Achir et al., 2009). However, smaller pores are accounted for more than 81 % of the total pore 








         Figure 2. Oil uptake through vertical capillary tubes with different radius 
         (Lumanlan et al., 2019) 
 
 
2.6.3   Pores developed in fried food  
Three types of pores are present in foods; (i) Interconnected pores: Pores accessible from any 
direction; (ii) Nonconnected pores: Accessible from one direction, and (iii) Isolated pores: Pores 
are inaccessible (Fig. 3). The pores that are permeated by an interconnected network of pores which 
can be occupied with oil and air, possibly contribute to the transport of fluid across the porous 
medium more than the nonconnected pores, results in higher fat content (Kassama & Ngadi, 2004; 





                        
Figure 3. Types of pore present in the fried food: interconnected and 
nonconnected are open and isolated pores are closed (Lumanlan et al., 2019) 
 
 
2.6.4   Surface area and roughness  
The dimension and structural properties influencing the oil uptake during deep-frying are not linked 
to the volume. Still, the permeability and the surface area of the product, and the increase in the fat 
content is due to most oil adhered on the food surface (Bouchon & Pyle, 2005). According to 
Ghaderi et al. (2018), simulated potato strips with increasing surface area to volume ratio of potato 
strips affects the moisture and oil content. For example (Fig. 4), a commercial potato chips with 
flat cut and ridge cut with 2 mm thickness and 50 mm circular diameter resulted to 18 and 33 % 
(d.b) oil content, respectively during deep-frying at 180 ºC for 20 s (Southern et al., 2000). On the 




increase in the fat content due to the thicker food requiring longer frying time (Baumann & Escher, 
1995).  
Also, Moreno et al. (2010) found that mixing 10 % methylcellulose with 90 % potato flakes has 
decreased the surface roughness and reduced the fat content after deep frying. It was also pointed 
out that the surface coarseness facilitates oil absorption and adhesion (Baumann & Escher, 1995; 
Pinthus et al., 1995). Therefore, using sharper blades for cutting will have a smooth surface and 
could result in lower oil uptake during deep frying.  
 
           





2.6.5   Frying time and temperature 
Frying time and temperature are the most important parameters influencing the chemical and 
physical transformation such as water loss, fat content and final product quality (Dobarganes et al., 
2000; Ziaiifar et al., 2008). Recently, Ghaderi et al. (2018) confirmed that increasing the 
temperature from 150 to 190 ºC decreased the fat content by up to 35 % by using a 3-D 
mathematical model to simulate a domestic deep fryer.  Krokida et al. (2000) stated that increasing 
the frying temperature and time decreases the moisture content and the increase in oil content. They 
noted that the food with lower thickness might contain more oil due to the water loss and oil uptake 
getting more intense at higher temperature with shorter frying time. Lower temperature (e.g. 150 
ºC) requiring longer frying time resulted in higher oil uptake, and higher temperature (e.g. 180 ºC) 
led to the rapid development of harder crust in shorter time resulted in the lower oil uptake 
(Baumann & Escher, 1995). It was concluded that the development of the crust where most oil is 
deposited associates with frying time and temperature (Pedreschi & Moyano, 2005; Ziaiifar et al., 
2010). 
As shown in Table 6, ribbon snack (1 mm) deep-fried for 120 s at 150 and 200 ºC, resulted in 20 
to 27 % fat content, respectively (Debnath et al., 2003). While the increasing frying time from 60 
to 120 s at 170 °C resulted in increasing fat content from 45 to 60 %, respectively, with thinner 
(0.8 mm) potato chips (Bouchon & Pyle 2004). In contrast, thicker french fries (5mm) deep-fried 
for 120 s at 140 and 185 ºC resulted in 23 and 20 % fat content, respectively (Ziaiifar et al., 2010). 
Despite the frying time and temperature, the fat content after deep frying was dependent on the 
product thickness and food type. The change in the size of the fried product affected the surface 





Table 6. Fat content in relation to frying time and temperature on product thickness      
(Lumanlan et al., 2019) 
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2.6.6   Oil quality 
The quality of the oil used in deep frying are commonly monitored based on the physical and 
chemical changes. According to Velasco et al. (2009), fresh oil without surfactants results to less 
oil absorption and paler product colour due to difficulty in the heat transfer facilitating the contact 
between oil and water removal from the food. Blumenthal & Stier (1991) stated that the surfactants 
theory of frying has attributed to the quality of the final fried food, and the amount of surfactants 
was formed as the oil degradation increases. During oil degradation and the increasing level of 
polarity compounds, the contact between the food and oil increases resulted in the thin and crispy 





2.6.7   Fresh oil and degraded oil 
Extended frying time and higher temperature lead to autoxidation, thermal oxidation and 
polymerisation associated with oil degradation. A recent study showed that the degraded oil with 
higher oil viscosity could affect the amount of oil uptake during deep frying and cooling period 
(Sahasrabudhe et al., 2019; Lumanlan et al., 2019).  The unsaturated fatty acid increase in the free 
radicals and decrease in the oleic and linoleic acid resulted in oil degradation with increasing frying 
time (Liu et al., 2019).  
Pinthus & Saguy (1994) found that oil exposed to 10 h frying at 170 ⁰C resulted in higher fat content 
in the final product compared to frying in fresh oil. Also, Moreira et al. (1997) reported that oil 
exposed to 50 h at 190 ⁰C resulted in degraded oil. A comparison of tortilla chips fried in fresh oil 
and degraded oil resulted in roughly similar total final oil content by 42 and 39 %, respectively 
(Table 7). However, they found that the degraded oil resulted in more surface adhesion. The alleged 
increase in oil viscosity by oil degradation has caused the oil to adhere more in chips surface area. 
Therefore, it made it harder for the oil to be drained off and flow into the centre of the chips after 
cooling time resulting in 18 % oil absorption. In contrary, 27 % of oil absorption was found in fresh 
oil. Lumanlan et al. (2019) concluded that oil quality significantly affects the oil absorption during 
cooling time, while total oil content has no significant change during frying time and cooling time 






Table 7. Fresh oil and degraded oil of tortilla chips after cooling  
(Moreira et al., 1997) 
                                                                                                                                               
Oil quality Oil absorbs after cooling 
(% d.b) 
 
Total oil content after 
cooling (% d.b) 
Fresh oil 27 42 




2.6.8   Moisture content 
Moisture content attributes to the quality of fried foods appreciated by consumers. For example, 
the high moisture content in fried chicken is a favourable characteristic that contributes to the 
tenderness and juicy core and a crispy crust. On the other hand, the dry and crispiness are 
favourable in fried chips.  The high-water loss in the final product after frying results in shrinkage, 
affecting product quality. According to Mittal (2009), food low in moisture content, such as chips 
may increase in size by up to 40 % due to the crust formation and some bubbles developed at the 
surface after deep frying. The crust formed on the food surface provides the texture, colour and 
flavour, while the core provides the bulk of the mass, moisture and nutrients in the food. Duran et 
al. (2007) reported potato slices (3 mm) with moisture content could be decreased from about 80 
% to 2 % after deep frying at 180 °C. Moreover, Ziaiifar et al. (2010) found that more moisture 
was reduced during deep frying at high temperature (170 -185 °C) compared to (140 – 150 °C) 





2.7 Methods in reducing oil uptake during deep frying  
The means of reducing oil uptake during deep-frying will benefit both the food industries and 
consumers. Producing a high-quality fried food low in fat content at a considerable cost has been 
an interest by many researchers. Also, low-fat food could reduce the increasing rate of obesity and 
the adverse effects of excessive oil consumption on consumers health and wellbeing (Lumanlan et 
al., 2019).  
 
2.7.1   Pre- drying  
Oven drying or pre-drying is an effective method for removing food moisture. The rate and 
efficiency of food dehydration are dependent on the sampling size, particle size and surface area 
of the product. However, Bradly (2010) reported that the extended time and high temperature 
could lead to decomposition of carbohydrate, protein and loss of volatile oil in the product.   
 
2.7.2   Moisture reduction after pre-drying  
During deep-frying, the oil replaces the water that evaporated from the food (Primo-Martína et al., 
2010). Therefore, reducing the moisture content before deep-frying can lower oil content of fried 
food (Lumanlan et al., 2019). Investigation in reducing the potato strips moisture before deep-
frying using the ultrasound-osmotic dehydration showed a significant influence in the moisture 
loss and fat content reduction in the final product (Dehghannya & Abedpour 2018). However, the 
cost to process low-fat chips using the method developed by the researchers is not economical for 
commercial production. Alternatively, the oven dryer commonly used in the food industry for pre-
drying, effectively reduced moisture content and exhibited an improvement in the crispiness and 
decreased in the oil uptake of potato chips (Pedreschi & Moyano, 2005; Cruz et al., 2018). Also, 




resulted in a significant moisture loss and oil uptake reduction while enhancing texture, colour and 
taste.     
As shown in Table 8, the reduction of moisture content from 39 to 10 % resulted in a reduction of 
fat content from 22 to 10 % (Debnath et al., 2003). Likewise, potato slices moisture reduction from 
80 to 40 % after pre-drying resulted in a decrease in fat content from 75 to 40 % (Jia et al., 2018). 
The physical changes restricting the mass transfer during pre-drying resulted in the reduction in 
the fat content (Debnath et al., 2003; Jia et al., 2018). Also, pre-drying treatment resulted in a 
decrease in fat content by 54 and 47 % of ribbon snack and potato slices, respectively.   
According to Krokida et al. (2000), the compactness of the microstructure and increase in the solid 
content of the food is associated with the reduction of oil absorption during deep frying. Jia et al. 
(2018) agreed that the loss of water resulted in the shrinking of food surface, and the generated 
outer crust decreased the contact area between oil and food lowered oil penetration.  It was 
concluded that a drier surface forms a barrier that creates a strong resistance reducing oil absorption 






Table 8. The effects of the reduction in moisture content by pre-drying on oil uptake 

















































2.7.3  Hydrocolloids  
 
Food gums, also known as hydrocolloids, are water-soluble polymers that can gelatinise and form 
viscous aqueous solutions. The application of hydrocolloids in the battered products is commonly 
used in food industries as natural ingredients due to functional properties, health benefits and 
increased in nutritional value (Ragab et al., 2013; Clemens & Pressman 2017; Kurek et al., 2017). 
Recently, Lumanlan et al. (2019) reported that guar gum, xanthan gum, carboxymethyl cellulose 
(CMC), methylcellulose and hydroxypropyl methylcellulose (HPMC) has contributed to the fat 
reduction and moisture retention of some fried foods. However, the reduction in fat content was 
more dominant (Pinthus et al., 1993; Primo-Martin et al., 2010).  
The combined effects of surface tension, hydrophilicity, thermal gelation and film-forming 
properties of food gums have effectively reduced the oil uptake in some fried foods, such as sev 
and potato products (Annapure et al., 1999; Kurek et al., 2017). According to Kim et al. (2011), 




solution. However, food gums added to dry ingredients was found to require more water to form a 
soft dough due to food gums high-water binding properties. As a result, it decreases the hardness 
and increases the stickiness during extrusion of sev (Annapure et al., 1999; Bajaj & Singhal, 2007). 
2.7.3.1   Effects of hydrocolloid coating 
According to Shan et al. (2018), food coating such as battered and breaded products have excessive 
oil absorption by up to 30 %. Modification of food surface by application of the hydrocolloid 
coating was commonly used to reduce fat intrusion (Ngadi et al., 2009). Food gums that have been 
applied interchangeably as food coating or incorporated to the chips’ formulation showed less oil 
absorption during deep-frying (Lumanlan et al., 2019). Also, Ajo, (2017) reported that the 
application of edible coating with xanthan gum reduced oil absorption by up to 57 % while 
improving the overall product quality, such as flavour, taste and crispiness. Furthermore, Al-Asmar 
et al. (2018) demonstrated a reduction in Maillard reaction that could decrease the carcinogenic 
risk from fried foods with hydrocolloid coating due to the increase in water retention during frying.  
The combined effects of surface tension, hydrophilicity, thermal gelation and film-forming 
properties of food gums have effectively reduced the oil uptake in some fried foods, such as sev 
and potato products (Annapure et al., 1999; Kurek et al., 2017). Also, Kim et al. (2011) reported 
that hydrocolloids at high concentration contribute to the thickening and viscosity of the coating 
solution. According to Patil et al. (2001); Primo-Martína et al. (2010); Kurek et al. (2017), 
hydrocolloids ability to lower the surface tension of water in the food affects the oil uptake with 
the addition of hydrocolloid coating (Fig. 5). Mallikarjunan et al. (1997) also found that 
hydrocolloids heated at above 60 ⁰C forms a protective layer and prevents the transfer of the 
moisture and oil during deep frying.  Food without hydrocolloid coating shows more oil and 




final product (Kurek et al., 2017). The effects of thermo gelling lead to a stronger coating, reduced 
pore size and lower fat content of the final product (Garmakhany et al., 2008; Garcia et al., 2002). 
 
  




    2.7.3.2   Fat content reduction with hydrocolloids  
Up to date, hydrocolloids such as guar gum and xanthan gum are used to enhance the product 
quality at a low cost by the food industries (Habibi & Khosravi-Darani, 2017; Rather et al., 2017; 
Bi et al., 2018; Lumanlan et al., 2019;). As shown in Table 9, the addition of 0.5 % guar gum and 
0.5 % xanthan gum into the batter mix of fried carrots resulted in 53 % fat reduction. The effect of 
gum combination has prevented the oil from filling into the voids by thermo gelling (Akdeniz et 
al., 2006). Moreover, it was found that adding 4.5 % HPMC and 4.5 % methylcellulose into the 
liquid for coating mashed potato balls enhanced the film thickness by up to 0.05 and 0.06 mm has 
resulted in the reduction of fat content by 61 and 83 %, respectively (Mallikarjunan et al., 1997). 




edible film, pastries shaped into discs coated with 2 % gellan gum, 2 % hydroxypropyl cellulose 
(HPC) and 2 % methylcellulose resulted in the fat reduction of 31, 25, 38 %, respectively. The 
surface layer with a uniform thickness coating demonstrated less oil absorption due to the 
protective film controlling the mass transfer of oil and moisture. Meanwhile, Garmakhany et al. 
(2008) reported that potato chips coated with 1 % CMC, 0.5 and 1 % xanthan gum and 0.3 % guar 
gum resulted to 57, 56, 50, 55 % fat reduction, respectively. The variation in the fat contents was 
due to the coating thickness, attributed to the differences in the adhesion between the substrate and 
coating suspension, surface characteristics and the frying condition. The improvement in the barrier 
properties due to the film thickness experimented by Garcia et al. (2002) and Garcia et al. (2004), 
showed that after coating cut dough discs with 1 % methylcellulose and 0.75 % sorbitol, and potato 
fries with 1 % methylcellulose and 0.5 % sorbitol resulted in 35 and 25 % fat reduction, 
respectively. Also, different sorbitol concentration added to the methylcellulose solution was found 
to improve coating without modifying the texture characteristics of fried samples.  
 Moreno et al. (2010) found that adding 10 % methylcellulose to potato flakes resulted in a 
smoother surface and smaller pores, reducing the fat content in potato chips by 25 % (Table 9). 
Similarly, incorporating 0.25 % gum tragacanth, 0.50 % CMC, 0.25 % HPMC, 0.50 % guar gum 
and 2 % gum arabic in chickpea flour base sev, resulted to 6, 13, 13, 15 and 19 % in fat reduction, 
respectively. The low viscosity and high solubility of the gum arabic have kept the oil uniformly 
distributed, causing more fat reduction compared to other food gums (Annapure et al., 1999). Also, 
the addition of the 0.75 % gellan gum to developed sev resulted in 32 % fat reduction while 
improving hardness and crispiness when tested with a Texture Analyser. Overall, despite the 
interchanging used of the hydrocolloids depending on fried products, Lumanlan et al. (2019) 




hydrocolloid coating have proven to have a major influence in oil uptake during deep frying. 
However, adding different food gums and incorporating variable concentration level in the chips 
formulations require further investigation due to limited published results.    
 Although the effects of modifying the food surface by pre-treatment were found to reduced oil 
uptake using the conventional deep frying method,  the current technology such vacuum frying and 
air frying are alternatively becoming a trend in manufacturing low-fat food (Arslan et al., 2018; 
Ayustaningwarno et al., 2018; Liberty et al., 2019).  
2.7.4   Vacuum frying 
Vacuum frying is known for enabling to fry at a low temperature. According to Su et al. (2018), 
vacuum frying potato chips reduced the fat content by up to 13 %. Also, it can produce high product 
quality fried fruits by retaining the food colour and nutrient content (Ayustaningwarno et al., 2018).   
2.7.5   Air frying 
During air frying compared to deep frying, fried potatoes resulted in 70 % less fat content, less fat 
oxidation and better nutritional quality (Santos et al., 2017).  The relatively new alternative in 
frying food was found to use 30 g of cooking oil for every kilogram of potatoes as compared to 
litres of oil required in conventional deep frying (Arafat, 2014).  
Overall, the economic cost saving of using less oil in both recent technologies is attracting more 
food industries while meeting the increasing demand for high-quality, low-fat food. However, the 
expensive equipment and higher initial investment could lead to an increase in the cost of fried 




Table 9. Fat reduction with added food gums (Lumanlan et al., 2019)   
 
Product Treatment g/100g Fat reduction 
(%) 
References 






Mallikarjunan et al. (1997) 
Pastry mix b Gellan gum 2 31 William & Mittal (1999)  
HPC 2 25 
 
 
Methylcellulose 2 38 
 
Sev a Tragacanth gum 0.25 6 Annapure et al. (1999)  
Guar gum 0.5 15 
 
 
CMC 0.5 13 
 
 
HPMC 0.25 13 
 
 
Gum arabic 2 19 
 
Potato fries b 
 












Garcia et al. (2002) and Garcia et al. 
(2004)  
Carrots b Guar gum & 0.5 53 Akdeniz et al. (2006)  
Xanthan gum 0.5 
  
Sev a Gellan gum 0.75 32 Bajaj & Singhal (2007)  
Potato chips b CMC 1 57 Garmakhany et al. (2008)  
Xanthan gum 0.5 56 
 
 
Xanthan gum 1 50 
 
 
Guar gum 0.3 55 
 
Potato chips a Methylcellulose 10 25 Moreno et al. (2010) 
a added to the chip formulation                    
b coating dissolved in water 
 
 
CMC = Carboxymethyl cellulose 
HPC = Hydroxypropyl cellulose 









  3. Materials and Method  
 
3.1 Materials  
Potato flakes (Potato 13, potato flakes 76042) were purchased from Scalzo Food Industries in 
Melbourne Australia. The lupin flour (Lupinus angustifolius L.) grown in Western Australia was 
purchased from Irwin valley milling Western Australia. Sodium bicarbonate (baking soda) 
manufactured by Mc Kenzies was purchased from the local Coles store. Gellan gum powder (20 
g) and methylcellulose powder (40g) were purchased from Melbourne Food Depot; guar gum (75 
g) and xanthan gum (100 g) were purchased from Lotus Pantry Sydney.  
The chemical composition of the potato flakes and lupin flour are summarised based on 
manufactures information (Table 10).   
 
Table 10. Chemical composition of potato flakes and lupin flour 
 
Nutrients  Potato flakes (g/100g) Lupin flour (g/100g) 
Carbohydrates 17 3 
Dietary fibre 2 32 








3.2 Chips production process 
The control chip was prepared from potato flakes, lupin flour, baking soda and water (Table 11).  
 
Table 11. Control formulation 
 
Ingredients Ingredients (%) 
Potato flakes  89 
Lupin flour 10 
Baking soda 1 
Total dry ingredients 100 





3.2.1 Food gum treatments  
To test the effect of food gums, 0.25, 0.75, 1 and 2 % were added to the control formulations, and 
















Potato flakes 88.75 88.25 88.00 87.00 
Lupin flour 10.00 10.00 10.00 10.00 
Baking soda 1.00 1.00 1.00 1.00 
Gellan gum, Guar 
gum, 
Methylcellulose 
or Xanthan gum 
0.25 0.75 1.00 2.00 
Total dry 
ingredients 
100.00 100.00 100.00 100.00 




3.2.2   Mixing dry ingredients  
Potato flakes, lupin flour, baking powder and food gums were individually weighed using the 
Mettler Toledo digital scale (Model TLE3002) and placed in a metal bowl. All dry ingredients were 




                                            
 





3.2.3 Extruding chips 
Mixed dry ingredients were transferred to the Bottene Pasta Extruder (Model Inver 3T) attached 
with a 0.8 cm width x 1 mm thickness disc. The machine was in mixing settings while gradually 
adding water. The machine was switch to extrusion setting after 15 min. Chips were cut by ~ 6 cm 







Figure 7. Chip preparation using a pasta extruder 
 
 
3.2.4 Pre-drying of chips  
To pre-dry chips, the Labec oven dryer (Model ODWTF50-SD) was set at 55 ± 5 °C. 
Approximately 70 g chips were placed on a 39 x 26 cm metal tray and dried for 60 or 90 min 
depending on the treatment (Fig. 8). Chips width size was measured before pre-drying (0.8 cm) 





                           
                  




3.2.5 Calculation of the moisture reduction after pre-drying 
Samples were weighed after pre-drying using Mettler Toledo digital scale (Model TLE3002). The 
percentage of moisture reduction (Appendix A) was calculated using Equation 1.  
 
𝑀𝑟 =
 𝑊𝑏  − 𝑊𝑎
𝑊𝑏
× 100                                          (1)     
Where  
           Mr  =  Moisture reduction (%)  
           Wb = Weight (g) before pre-drying  




3.2.6 Deep frying  
The Kambrook deep fryer (Model KDF560) filled with 3.5 litres of canola oil (Gold’n Canola) 
manufactured by Goodman Fielder purchased at Coles local store was preheated to 170 °C. 
Constant frying temperature was maintained by checking the temperature using an Acurite digital 
thermometer (Model 00277DIX) before placing each sample. Approximately 30 g of raw chips 
were deep-fried for 30 s and immediately transferred to a tray (30 x 22 cm) lined with an absorbent 










Samples were placed in polypropylene bags (Hercules resealable storage bag) after cooling for 60 
min. Chips were stored in a cool room (4 - 5 °C) to protect from the moisture and environmental 
factors until the further tests.  
 
3.3 Determination of moisture content  
 
3.3.1 Grinding of fried samples  
 
Fried chips with different treatments in room temperature were individually weighed by 
approximately 50 g and were grinded for 20 s using Optimum electric blender (Model no. G2.3). 
A metal spoon was used in filling up the sterile container labelled with sample codes for further 
analysis (Fig. 10).  
 
                                 





3.3.2 Weighing of samples  
 
For precision measurement, the Mettler Toledo analytical balance (Model TLE204) was set to zero 
and weight was recorded by up to four decimal places.  A metal spoon was used to scoop 
approximately 1.5 g of grinded samples and was placed into an ANKOM XT4 filter bag. To ensure 
complete closure, a heat sealer (Impulse sealer Type: AIE-200-2) was set to dial six, the filter bag 
within 4 mm from its open end was heated for 2 – 3 s,  a visible solid melted stripe along the top 
edge indicates sufficient sealing. 
3.3.3 Measuring the reduced moisture content of fried chips  
The Heratherm air oven (Model OMS100) was set at 100 °C, and the samples (~ 1.5 g) were left 
for 24 h before measuring the moisture content of fried chips. A metal tong was used to avoid 
fingerprints adding to the moisture content. For minimal air exposure, samples were immediately 
transferred to desiccators to prevent moisture absorption (Fig. 11). Samples were cooled down to 
room temperature for 30 min before weight measurement by four decimal point was recorded using 





                
 
Figure 11. Moisture content analyses 
 
 
3.3.4 Calculation of the moisture content of fried chips  
 
The moisture content of fried chips (Appendix B) was calculated using Equation 2.  
 
𝑀𝑐 =
 𝑊𝑏  − 𝑊𝑎
𝑊𝑏
×  100                                                 (2)     
Where  
           Mc = Moisture content of fried chips 
           Wb = Weight (g) before pre-drying  




3.4  Determination of fat content  
 
The Soxhlet (Model BUCHI 810) method 960.39 was used for the fat extraction using (AOAC, 
1990) method. The samples (~ 1.5 g) placed inside a heat resistant ANKOM XT4 filter bag marked 
with a solvent resistant marker was placed in the Heratherm air oven (Model OMS100) set at 100 
°C for 24 h to remove the moisture. Four dried samples were inserted into each six-extraction 
chambers. Six beakers sitting on a mantle for 2 h heated at 154°C were filled with 170 ml petroleum 
ether (BR 40-70) obtained from UNILAB (Fig. 12).  
 
 
                 
     




3.4.1 Removal of residual solvent after the fat extraction  
 
To remove residual solvent after the fat extraction, samples were placed in a heat resistant beaker 
and dried in the Heratherm air oven (Model OMS100) at 100 ºC for 1 h. A metal tong was used to 
avoid fingerprints and the addition of mass. A desiccator was used to cool samples for 30 min 
before weight was recorded.  
 
3.4.2 Calculation of fat content  
The fat content (Appendix B) wet basis (wb) was determined using Equation 3. 
 
𝐹𝑤𝑏 =
 𝑊𝑑  − 𝑊𝑓
𝑊𝑑




           Fwb = Fat content (% wb) 
           Wd = Weight (g) of dry samples (g)  
           Wf = Weight (g) after fat extraction 
 




 𝐹𝑤𝑏  ×  100
100 −  𝑀𝑐
                                            (4) 
 
Where 
           Fdb = Fat content (% db) 
           Fwb = Fat content (% wb)  




3.4.3 Percentage change in fat content  
 




 𝐹𝑐  − 𝐹𝑡
𝐹𝑐
×  100                                                 (5) 
Where  
           Cf = Change in fat content (%) compare to the control 
            Fc = Fat content of the control  
            Ft = Fat content of the treatment  
  
3.5 Statistical analysis  
 
All the data were collected in three replicates and recorded in Microsoft Excel sheet Windows 10. 
One-way of variance ANOVA was conducted, and differences between the group of means were 
compared by Fisher’s individual error rate test using Minitab version 16 (Appendix D and E). The 
statistical significance level of acceptance was set at α = 0.05.  If the p-value is < α there is no 
significant difference, and if the p-value is > α there is a significant difference. All values were 
expressed as means ± standard deviation. The linear regression (α = >0.5) method was used to test 




4. Results and Discussion 
4.1 Moisture content with and without pre-drying 
The initial moisture content of 23 % was reduced to 12.98 and 15.17 % after 60 and 90 min pre-
drying, respectively (Fig. 13). Shorter pre-drying time could be more economical in reducing 
moisture content. According to Bradly (2010), extended drying time and higher temperature can 
lead to the decomposition of carbohydrate, protein and loss of volatile compounds in the product.  
Reducing the moisture with pre-drying results in drier surface creates a barrier and resistance in oil 
absorption during deep-frying (Moreira et al., 1997; Krokida et al., 2000; Jia et al., 2018), and 
improves crispiness of chips (Pedreschi & Moyano, 2005; Cruz et al., 2018). More recently, 
Lumanlan et al. (2019) reported that food low in moisture content before deep-frying developed a 



















































4.2 Moisture reduction after pre-drying 
The moisture reduction with pre-drying ranged from 10 to 15 % with 60 min and 13 to 18 % after 
90 min pre-drying with food gums as compared to 11.81 and 12.66 % without any food gums (Fig. 
14). The highest moisture reduction (17.71 %) was found with the addition of 2 % xanthan gum 
after 90 min pre-drying. The lowest moisture reduction (10.17 %) was after 60 min pre-drying with 
0.25 % guar gum. The irregularities observed in the change in moisture contents during pre-drying 
could be due to different water-holding and gelling properties of the food gums and the increased 
in the solid content of samples (Krokida et al., 2000; Jia et al., 2018).    
Previous research has shown that the thickening properties of food gum restricts the moisture 
evaporation during pre-drying (William & Mittal, 1999) and increasing food gum concentrations 









4.3 Moisture content of fried chips 
 
Lower moisture content is associated with better crispiness and longer shelf life of fried chips 
(Pedreschi & Moyano, 2005; Mittal, 2009; Cruz et al., 2018). Also, thin products such as chips 
contain low water content of around 5 % (Ziaiifar et al., 2009).  
4.3.1 Effects of pre-drying on the moisture content of fried chips 
The moisture content of fried chips without pre-drying and no food gum resulted in 5.16 %, had 
no significant difference compared to 60 min pre-drying, but had a significant difference after 90 
min pre-drying (Table 13). In contrary, samples with any food gums resulted in significant 
differences between with and without pre-drying.  
Samples without pre-drying and with xanthan gum resulted in the higher highest moisture content 
of fried chips (6.01 %). However, with 90 min pre-drying and no food gum resulted in 1.12 % 
moisture content (Table 13). The data show that 90 min pre-drying results in the lower moisture 
content of all samples with or without food gums. The thickening and gelling characteristics of 
food gums may have reduced water evaporation during deep frying. The results are in agreement 
with Kurek et al. (2017), who concluded that fried foods with food gums contain higher moisture 













with no food 


















0 5.16 ± 1.57a 5.11 ± 1.22a 5.55 ± 1.13a 4.17 ± 1.27a 6.01 ± 1.03a 
60 3.28 ± 0.37a 2.17 ± 0.79b 2.60 ± 0.95b 2.64 ± 1.36b 3.16 ± 1.08b 
90 1.12 ± 0.51b 1.94 ± 1.33b 2.15 ± 0.84b 2.78 ± 0.74b 2.16 ± 1.29c 
Means ± SD in columns with different superscript are significantly different (p<0.05) 
 
 
4.3.2 Effects of gellan gum and pre-drying on the moisture content of fried chips 
The effect of gellan gum without pre-drying on the moisture content of fried chips showed no 
significant difference compared to the control (Table 14). With 90 min pre-drying and 2 % gellan 
gum resulted in 0.77 % moisture content. These findings contradicted Bajaj & Singhal (2007), who 
concluded that the increasing gellan gum concentration resulted in retaining moisture content up 
to 41 %. However, in their study, the amount of added water was increased with the increase in 
food gum concentration. In fact, the reduction in the moisture content of fried chips was found to 





4.3.3 Effects of guar gum and pre-drying on the moisture content of fried chips  
 
Guar gum variable concentration (except for 1 % guar gum) without pre-drying on the moisture 
content of fried chips, showed no significant difference compared to the control (Table 15). The 
highest moisture content of 6.99 % was recorded for the sample with 1 % food gum. Research 
shows that the water-holding properties of food gum limit the moisture loss from the crust during 
frying (Annapure et al., 1999; Kurek et al., 2017). In contrary, chips with 90 min pre-drying and 
no food gum resulted in 1.12 % moisture content and showed no significant difference compared 
to samples with food gums. The present study found that the moisture content of fried chips can be 
reduced with pre-drying with or without guar gum.   
4.3.4  Effects of methylcellulose and pre-drying on the moisture content of fried chips 
 
Mixing 0.25 and 2 % methylcellulose into chips formulation without pre-drying and the control 
resulted in 4.19, 4.77 and 5.16 % moisture contents of fried chips, respectively (Table 16). This 
result is in agreement with Kurek et al. (2017), who stated food gums changes the food surface 
structure which forms a protective layer during frying and prevents water from evaporating 
resulting to higher moisture content.   
On the other hand, samples with no food gums resulted in 3.28 % moisture content after 60 min 
pre-drying, showed no significant difference compared to chips with methylcellulose. Also, 
significant moisture reduction up to 1.15 % was recorded with 0.75 % food gum after 60 min pre-
drying, resulted in no significant difference compared to no food gum. The data showed that 60 
min pre-drying could be most energy-saving and cost-efficient in reducing the moisture content of 






Table 14. Effects of gellan gums and pre-drying on the moisture content of fried chips 
 
Gellan gum (%) Pre-drying time (min) Moisture content (%) 
0 (control) 0 5.16 ± 1.57ab 
0 60 3.28 ± 0.37cd 
0 90 1.12 ± 0.51gh 
0.25 0 5.13 ± 0.52ab 
0.25 60 2.05 ± 0.74defgh 
0.25 90 1.71 ± 1.20efgh 
0.75 0 6.63 ± 1.21a 
0.75 60 1.49 ± 0.50fgh 
0.75 90 2.93 ± 0.30def 
1.00 0 6.00 ± 0.58ab 
1.00 60 2.42 ± 0.39defg 
1.00 90 3.15 ± 1.67cde 
2.00 0 4.64 ± 1.43bc 
2.00 60 1.58 ± 0.27fgh 
2.00 90 0.77 ± 0.95h 







Table 15. Effects of guar gums and pre-drying on the moisture content of fried chips 
 
Guar gum (%) Pre-drying time (min) Moisture content (%) 
0 (control) 0 5.16 ± 1.57b 
0 60 3.28 ± 0.37c 
0 90 1.12 ± 0.51e 
0.25 0 4.80 ± 1.05b 
0.25 60 2.56 ± 1.08cd 
0.25 90 2.66 ± 0.75cd 
0.75 0 5.00 ± 0.08b 
0.75 60 3.02 ± 1.00c 
0.75 90 2.61 ± 1.15cd 
1.00 0 6.99 ± 0.52a 
1.00 60 2.53 ± 0.85cd 
1.00 90 2.22 ± 0.61cde 
2.00 0 5.78 ± 0.68ab 
2.00 60 1.56 ± 0.82de 
2.00 90 2.15 ± 0.35cde 







4.3.5    Effects of xanthan gum and pre-drying on the moisture content of fried chips 
 
The samples with xanthan gum without pre-drying resulted in the highest moisture content (Table 
17).  According to Bi et al. (2018), the thermal stability and high-water binding properties of 
xanthan gum even on extreme temperatures are not significant in moisture reduction during deep 
frying of chips. Also, fried food with food gum forms fewer voids that prevent water and steam 
escaping from the porous crust (Kurek et al., 2017). 
However, 1 % xanthan gum with 90 min pre-drying resulted in significant moisture reduction up 
to 1.89 % (Table 17). According to Akdeniz et al. (2006), modification of the surface structure 
from loss of water after pre-drying can reduce significant moisture content after frying. The present 
study has confirmed pre-drying reduces the moisture content of fried chips despite the thermo 




          Table 16. Effects of methylcellulose and pre-drying on the moisture content of 
fried chips 
 
Methylcellulose (%) Pre-drying time (min) Moisture content (%) 
0 (control) 0 5.16 ± 1.57a 
0 60 3.28 ± 0.37bc 
0 90 1.12 ± 0.41d 
0.25 0 4.91 ± 1.03a 
0.25 60 2.83 ± 0.29bc 
0.25 90 2.95 ± 0.51bc 
0.75 0 2.90 ± 0.40bc 
0.75 60 1.15 ± 0.83d 
0.75 90 2.62 ± 0.14bc 
1.00 0 3.12 ± 0.17bc 
1.00 60 3.84 ± 2.34ab 
1.00 90 1.98 ± 0.50cd 
2.00 0 4.77 ± 0.86a 
2.00 60 2.12 ± 0.24cd 
2.00 90 2.71 ± 0.10bc 









Table 17. Effects of xanthan gum and pre-drying on the moisture content of fried 
chips 
 
Xanthan gum (%) Pre-drying time (min) Moisture content (%) 
0 (control) 0 5.16 ± 1.57ab 
0 60 3.28 ± 0.37bc 
0 90 1.12 ± 0.51d 
0.25 0 6.12 ± 0.97a 
0.25 60 3.36 ± 0.14bc 
0.25 90 2.61 ± 0.65cd 
0.75 0 6.00 ± 0.87a 
0.75 60 3.39 ± 0.90bc 
0.75 90 2.76 ± 2.13cd 
1.00 0 5.77 ± 0.69a 
1.00 60 2.76 ± 1.58cd 
1.00 90 1.89 ± 1.32cd 
2.00 0 7.02 ± 0.25a 
2.00 60 2.98 ± 2.02cd 
2.00 90 2.40 ± 1.38cd 






4.3.6  Moisture content of fried chips with and without food gums after pre-drying 
The moisture content of fried chips with and without food gums showed about 5 % moisture content 
before pre-drying (Fig. 15). However, samples with no food gums resulted in 3 and 1 % moisture 
content with 60 and 90 min pre-drying, respectively. Also, chips with food gums resulted in about 
2 % moisture content with 60 and 90 min pre-drying. The results show that the moisture content of 















































4.4 Fat content of chips  
High-fat diets associated with the increased in plasma cholesterol and oxidative stress are strongly 
correlated with Alzheimer’s disease (Martins & Fernando, 2014). Mainly, commercial fried chips 
high in fat content and low in nutritional value have a significant adverse effect on the health and 
wellbeing of consumers (Southern et al., 2000; Saguy & Dana, 2003). However, the fat that 
migrates in the food during frying provides flavours and fatty nutrients (Kurek et al., 2017).   
Replacing potato flakes with 10 % lupin flour can increase the chips protein content from 2 to 41 
% and dietary fibre from 2 to 32 % (Jayasena & Nassar-Abbas, 2011; Nassar-Abbas & Jayasena 
2012). Moreover, high protein and dietary fibre contents of lupin can lower blood cholesterol, 
protection from colon cancer and lower the risk of obesity or overweight (Fudiyansyah et al., 1995; 
Jayasena & Nassar-Abbas, 2010; Venn, 2017). 
4.4.1   Effects of pre-drying on fat content  
No food gum without pre-drying resulted in 19.56 % fat content, shows no significant difference 
compared to chips with 60 min pre-drying (Table 18). In contrary, samples with any food gum after 
60 min pre-drying, resulted in a significant reduction in the fat content. According to Krokida et 
al. (2000), the increasing solid content and compactness of product due to loss of water after pre-
drying can reduce oil absorption during deep frying. The results in this study have confirmed that 
with or without food gums, pre-drying can minimise oil uptake during frying. In agreement to 
recent reports by Kumar et al. (2017) and Lumanlan et al. (2019), who concluded that pre-drying 
could reduce oil uptake while improving the physical properties such as texture, crispiness, colour 










Fat content (% 
db) with no 
food gum 
Fat content (% 
db) with gellan 
gum 
Fat content (% 
db) with guar 
gum 




(% db) with 
xanthan gum 
0 19.56 ± 0.95a 21.08 ± 13.32a 18.98 ± 1.68a 21.35 ± 1.87a 20.13 ± 1.35a 
60 18.02 ± 1.99ab 17.34 ± 3.73b 15.92 ± 1.81b 18.38 ± 2.22b 15.88 ± 1.84b 
90 15.66 ± 2.37b 14.93 ± 2.14c 14.81 ± 1.60b 16.25 ± 1.79c 14.74 ± 1.81b 





4.4.2   Effects of gellan gum and pre-drying on fat content  
 
The addition of 0.25 and 0.75 % gellan gum in the chips formulation without pre-drying resulted 
in 17.95 and 18.61 % fat content, respectively, and had no significant difference compared to the 
control (Table 19). However, the addition of 0.75 % gellan gum with 90 min pre-drying resulted 
in 12.41 % fat content or 33 % fat reduction. Also, chips with no food gum resulted in 15.66 % fat 
content (19.93 % fat reduction) after 90 min pre-drying. These results imply that the loss in 
moisture with pre-drying can modify chips surface and forms a protective film reducing oil 
absorption during deep-frying (Debnath et al., 2003; Ngadi et al., 2009; Jia et al., 2018).   
On the other hand, the highest fat content of 26.11 % was recorded in the sample with 2 % gellan 




gellan gum concentration has no significant effect in reducing oil content. However, in their study, 
the effect of pre-drying was not examined. 
4.4.3   Effects of guar gum and pre-drying on fat content 
 
Incorporating guar gum into chips without pre-drying from 17.06 to 20.98 % fat content showed 
no significant difference compared to the control (Table 20). Similarly, Annapure et al. (1999) 
found that the high viscosity and water-binding properties of guar gum resulted in 30 %   oil content 
in fried chips. Samples with food gum after 60 min pre-drying resulted in 16.24 to 14.67 %, and 
after 90 min pre-drying 15.37 to 13.97 % fat content showed no significant difference compared to 
no food gum with pre-drying.  
Studies found two facts that might have affected the fat content. First, modifying the structure of 
the chips by pre-drying provided a barrier film that resulted in the reduction of oil absorption 
(Debnath et al., 2003; Ngadi et al., 2009; Jia et al., 2018). Secondly, the thermal gelation properties 
of food gums contributed to less development porosity where most oil adheres resulted in the 
reduction in oil uptake (Garcia et al., 2002; Garmakhany et al., 2008). The present study showed 
that the decrease in oil uptake during frying was influenced by pre-drying and the addition of guar 
gum. This result agrees with Lumanlan et al. (2019), who reported that reducing the moisture 
content and the addition of food gums before deep-frying reduced the fat content of the final 





                   Table 19. Effects of gellan gum and pre-drying on fat content 
 
Gellan gum (%) Pre-drying time 
(min) 
Fat content (% db) 
0 (control) 0 19.56 ± 0.95c 
0 60 18.02 ± 1.99cde 
0 90 15.66 ± 2.37ef 
0.25 0 17.95 ± 1.34cde 
0.25 60 14.93 ± 2.14fg 
0.25 90 13.82 ± 2.61fg 
0.75 0 18.61 ± 1.59cd 
0.75 60 14.12 ± 1.94fg 
0.75 90 12.41 ± 0.65g 
1.00 0 23.17 ± 0.41b 
1.00 60 16.41 ± 2.23def 
1.00 90 16.23 ± 0.76def 
2.00 0 26.11 ± 0.38a 
2.00 60 23.21 ± 1.46b 
2.00 90 16.49 ± 0.55def 






Table 20. Effects of guar gum and pre-drying on fat content 
 
Guar gum (%) Pre-drying time 
(min) 
Fat content (% db) 
0 (control) 0 19.56 ± 0.95ab 
0 60 18.02 ± 1.99bcd 
0 90 15.66 ± 2.37def 
0.25 0 17.06 ± 1.99bcde 
0.25 60 15.69 ± 1.11def 
0.25 90 14.12 ± 0.04f 
0.75 0 18.44 ± 1.05bc 
0.75 60 14.67 ± 2.28ef 
0.75 90 13.97 ± 1.41f 
1.00 0 18.87 ± 1.10ab 
1.00 60 16.24 ± 0.43cdef 
1.00 90 14.94 ± 1.90ef 
2.00 0 20.98 ± 0.35a 
2.00 60 15.02 ± 1.32ef 
2.00 90 15.37 ± 1.86ef 






4.4.4   Effects of methylcellulose and pre-drying on fat content 
 
Methylcellulose treatment (except for 2 %) without pre-drying resulted in 20.26 to 21.97 % fat 
content with no significant difference compared to the control (Table 21). However, with 90 min 
pre-drying, samples with or without food gums resulted in a significant fat content reduction by 
up to 15.29 %.  
Chips with 2 % methylcellulose without pre-drying resulted in 23.20 % fat content, showed a 
significant difference compared to the control. The results suggest that with the increasing food 
gum concentration, lowering fat content was less effective due to high viscosity and thickening 
properties of methylcellulose (William & Mittal, 1999). In contrary, Moreno et al. (2010) found 
that mixing 10 % methylcellulose in potato chips lowered oil content by 13 % due to the 
development of a smoother surface. Baumann & Escher (1995) and Pinthus et al. (1995), also 
concluded that surface coarseness facilitates oil absorption and adhesion. However, in their study, 
the effect of pre-drying was not examined. The development of a smoother surface with pre-
drying could have contributed to the formation of smaller pores resulting in less oil uptake during 













Table 21. Effects of methylcellulose and pre-drying on fat content 
 
 




Methylcellulose (%) Pre-drying time 
(min) 
Fat content (% db) 
0 (control) 0 19.56 ± 0.95bc 
0 60 18.02 ± 1.99cd 
0 90 15.66 ± 2.37de 
0.25 0 20.26 ± 2.87bc 
0.25 60 15.29 ± 1.24e 
0.25 90 15.42 ± 1.19e 
0.75 0 21.97 ± 0.82ab 
0.75 60 18.54 ± 1.07c 
0.75 90 15.62 ± 0.69de 
1.00 0 21.77 ± 1.18ab 
1.00 60 19.90 ± 1.89bc 
1.00 90 15.79 ± 0.67de 
2.00 0 23.20 ± 0.87a 
2.00 60 20.16 ± 1.32bc 




4.4.5   Effects of xanthan gum and pre-drying on fat content 
Xanthan gum variable concentrations without pre-drying resulted in fat content from 18.69 to 21.94 
% with similar fat content to the control (Table 22). According to Akdeniz et al. (2006), food gums 
can improve fried carrots quality such as texture and colour, and controls oil uptake due to less 
porous crust development. Garmakhany et al. (2008), who investigated the effects of xanthan gum 
added in fried potato products, showed a reduction in oil absorption by up to 56 %. On the contrary, 
Annapure et al. (1999) reported that xanthan gum has <10 % fat reduction and was ineffective in 
controlling oil absorption as compared to other gums.  
Samples with food gums and pre-drying resulted in a significant fat content reduction from 16.91 
to 13.57 %, showed no significant difference compared to the samples no food gum with 90 min 
pre-drying. The results implied that pre-drying chips had influenced oil absorption during deep 
frying with or without xanthan gum. 
4.5   Effects of food gum concentration on fat content  
4.5.1   Effects of 0.25 % food gums in fat content  
The effect of 0.25 % food gum without pre-drying resulted in the fat content ranged from 17.06 to 
21.94 %, with no significant difference compared to the control (Table 23). As a result of 90 min 
pre-drying, chips with 0.25 % gellan gum resulted in 13.82 % fat content or 23 % fat reduction has 
no significant difference compared to the sample with no food gum after 90 min pre-drying. This 
result is in agreement with Bajaj & Singhal (2007), who concluded that the addition of 0.25 % 
gellan gum decreased oil uptake by 27 % while maintaining the quality parameters of fried sev. 
The present study showed that the fat content of fried chips could be reduced by pre-drying with 




Table 22. Effects of xanthan gum and pre-drying on fat content 
 
Xanthan gum (%) Pre-drying time 
(min) 
Fat content (% db) 
0 (control) 0 19.56 ± 0.95abc 
0 60 18.02 ± 1.99cde 
0 90 15.66 ± 2.37efg 
0.25 0 21.94 ± 0.69a 
0.25 60 14.88 ± 0.33fg 
0.25 90 14.46 ± 1.68fg 
0.75 0 19.81 ± 1.09abc 
0.75 60 14.75 ± 0.09fg 
0.75 90 13.57 ± 1.25g 
1.00 0 20.68 ± 0.28ab 
1.00 60 14.84 ± 2.03fg 
1.00 90 14.98 ± 2.95fg 
2.00 0 18.69 ± 1.03bcd 
2.00 60 16.91 ± 1.43def 
2.00 90 15.00 ± 0.88fg 








Table 23. Effects of 0.25 % food gum and pre-drying on fat content 
 
Food gums Pre-drying time 
(min) 
Fat content (% db) 
Control 0 19.56 ± 0.95abc 
No food gum 60 18.02 ± 1.99bcd 
No food gum 90 15.66 ± 2.37def 
Gellan gum 0 17.96 ± 1.34bcd 
Gellan gum 60 14.93 ± 2.14ef 
Gellan gum 90 13.82 ± 2.61f 
Guar gum 0 17.06 ± 1.99cde 
Guar gum 60 15.69 ± 1.11def 
Guar gum 90 14.12 ± 0.04f 
Methylcellulose 0 20.26 ± 2.87ab 
Methylcellulose 60 15.29 ± 1.24def 
Methylcellulose 90 15.42 ± 1.20def 
Xanthan gum 0 21.94 ± 0.69a 
Xanthan gum 60 14.88 ± 0.33ef 
Xanthan gum 90 14.46 ± 1.68ef 




4.5.2   Effects of 0.75 % food gums in fat content 
 
The fat content of samples with 0.75 % food gums without pre-drying were similar to the fat content 
of the control (Table 24). These samples recorded the highest fat content. However, after 90 min 
pre-drying chips with 0.75 % gellan gum and methylcellulose resulted in lower fat content or 33 
and 28 % fat reduction, respectively. Similarly, researchers who investigated the effect of gellan 
gum and methylcellulose in fried pastry mix reported fat reduction by 31 to 38 % (William & 
Mittal, 1999). Also, the addition of food gums did not affect the brittleness of fried chips (Bajaj & 
Singhal, 2007).  
4.5.3   Effects of 1 % food gums in fat content  
 
Chips with 1 % gellan gum, guar gum, methylcellulose and xanthan gum without pre-drying were 
recorded to have higher fat content than other samples and ranged from 18.97 to 23.17 % (Table 
25). This result is in agreement with the previous study who concluded that increasing food gum 
concentration is not significant in reducing oil uptake (Bajaj & Singhal, 2007). They also stated 
that 1 % guar gum and xanthan gum have the highest oil uptake up to 32 and 34 % (Akdeniz et 
al., 2006).   
Samples with no food gum (90 min pre-drying), gellan gum (60 and 90 min pre-drying), guar gum 
(60 and 90 min pre-drying), methylcellulose (90 min pre-drying) and xanthan gum (60 and 90 min 
pre-drying) had lower fat content. These results suggest that despite adding 1 % food gums, pre-
drying can significantly reduce fat content even without food gums. Moreover, the pre-drying 






Table 24. Effects of 0.75 % food gum and pre-drying on fat content 
 
Food gums Pre-drying time 
(min) 
Fat content (% db) 
Control 0 19.56 ± 0.95ab 
No food gum 60 18.02 ± 1.99bc 
No food gum 90 15.66 ± 2.37cd 
Gellan gum 0 18.61 ± 1.59b 
Gellan gum 60 14.12 ± 1.93de 
Gellan gum 90 12.41 ± 0.65e 
Guar gum 0 18.44 ± 1.04b 
Guar gum 60 14.67 ± 2.28de 
Guar gum 90 13.97 ± 1.40de 
Methylcellulose 0 21.97 ± 0.82a 
Methylcellulose 60 18.54 ± 1.06b 
Methylcellulose 90 15.62 ± 0.68d 
Xanthan gum 0 19.81 ± 1.08ab 
Xanthan gum 60 14.75 ± 0.08de 
Xanthan gum 90 13.57 ± 1.24de 








Table 25. Effects of 1 % food gum and pre-drying on fat content 
 
Food gums Pre-drying time 
(min) 
Fat content (% db) 
Control 0 19.56 ± 0.95bc 
No food gum 60 18.02 ± 1.99cde 
No food gum 90 15.66 ± 2.37ef 
Gellan gum 0 23.17 ± 0.41a 
Gellan gum 60 16.41 ± 2.23def 
Gellan gum 90 16.23 ± 0.75def 
Guar gum 0 18.87 ± 1.09cd 
Guar gum 60 16.24 ± 0.42def 
Guar gum 90 14.94 ± 1.90f 
Methylcellulose 0 21.77 ± 1.17ab 
Methylcellulose 60 19.89 ± 1.89bc 
Methylcellulose 90 15.78 ± 0.67ef 
Xanthan gum 0 20.67 ± 0.28abc 
Xanthan gum 60 14.84 ± 2.03f 
Xanthan gum 90 14.98 ± 2.94f 





4.5.4   Effects of 2 % food gums in fat content  
 
The addition of 2 % food gum, gellan gum without pre-drying recorded the highest fat content of 
26.11 % (Table 26). Likewise, Annapure et al. (1999) reported that some food gums at 2 % 
concentration contain the highest oil content by 34 %. In contrary, William & Mittal (1999), found 
38 % fat reduction in fried food with 2 % gellan gum and methylcellulose. They also stated that 
higher gum level increase film barrier, which reduces oil uptake during deep frying.    
 The fat content was reduced to 16.49 % with 90 min pre-drying, which represents 36.84 % fat 
reduction compare to no pre-drying. Similar fat reductions were recorded for all other treatments 
with 90 min pre-drying (19.93 % with no food gum, 19.01 % with methylcellulose, 19.74 % with 
xanthan gum and 26.78 % with guar gum). The effect of pre-drying generating an external crust 
increases the resistance in oil uptake during frying (Lumanlan et al., 2019)   
 4.5.5   Fat content of chips without pre-drying  
  
The highest fat content (26.11 %) was recorded for the sample with 2 % gellan gum without pre-
drying (Table 27). Sample chips with 0.25 % guar gum resulted in 17.06 % fat content showed a 
significant difference compared to no food gum (19.56 % fat content), but had no significant 
differences compared to samples with 0.25, 0.75 gellan gum; 0.25, 0.75, 1 % guar gum; and 2 % 
xanthan gum. The data showed that without pre-drying, reduction of fat content with and without 
food gums would have similar results. Likewise, Jia et al. (2018), reported higher fat content (22 
%) on fried snack without pre-drying. However, in their study, the effect of food gums was not 
examined.    
 




Table 26. Effects of 2 % food gum and pre-drying on fat content 
 
Food gums Pre-drying time 
(min) 
Fat content (% db) 
Control 0 19.56 ± 0.95cd 
No food gum 60 18.02 ± 1.99def 
No food gum 90 15.66 ± 2.37g 
Gellan gum 0 26.11 ± 0.37a 
Gellan gum 60 23.21 ± 1.46b 
Gellan gum 90 16.49 ± 0.54fg 
Guar gum 0 20.98 ± 0.34bc 
Guar gum 60 15.02 ± 1.31g 
Guar gum 90 15.36 ± 1.86g 
Methylcellulose 0 23.19 ± 0.86b 
Methylcellulose 60 20.16 ± 1.32cd 
Methylcellulose 90 18.78 ± 1.60cde 
Xanthan gum 0 18.69 ± 1.03def 
Xanthan gum 60 16.91 ± 1.43efg 
Xanthan gum 90 15.00 ± 0.87g 







Table 27. Fat content of chips without pre-drying 
 
Food gums  Concentration (%) Fat content (% db) 
No food gum 0 19.56 ± 0.95defg 
Gellan gum 0.25 17.95 ± 1.33gh 
Gellan gum 0.75 18.61 ± 1.59fgh 
Gellan gum 1.00 23.17 ± 0.41b 
Gellan gum 2.00 26.11 ± 0.37a 
Guar gum 0.25 17.06 ± 1.98h 
Guar gum 0.75 18.43 ± 1.04fgh 
Guar gum 1.00 18.86 ± 1.09efgh 
Guar gum 2.00 20.98 ± 0.34 cd 
Methylcellulose  0.25 20.27 ± 2.86cdef 
Methylcellulose 0.75 21.97 ± 0.82bc 
Methylcellulose 1.00 21.77 ± 1.17bc 
Methylcellulose 2.00 23.19 ± 0.86b 
Xanthan gum 0.25 21.94 ± 0.68bc 
Xanthan gum 0.75 19.81 ± 1.08defg 
Xanthan gum 1.00 20.68 ± 0.28cde 
Xanthan gum 2.00 18.69 ± 1.03fgh 




4.5.6   Fat content of chips with 60 min pre-drying   
 
Similar to results with no pre-drying, the sample with 2 % gellan gum had the highest (23.20 %) 
fat content (Table 28). The effect of 60 min pre-drying with no food gum resulted in 18.02 % fat 
content, showed significant differences compared to samples with some food gums (1 % gellan 
gum; 0.25, 1 % guar gum; 0.25, 0.75, 1, 2 % methylcellulose; and 2 % xanthan gum). However, 
the addition of 0.75 % gellan gum resulted in fat content of 14.12 % and had no significant 
difference compared to some food gums (0.25, 1, 2 % gellan gum; 0.25, 0.75, 1, 2 % guar gum; 
0.25, 0.75, 1, 2 % methylcellulose; and 0.25, 0.75, 1 % xanthan gum).  
The method used in this study reveals that 60 min pre-drying can significantly reduce chips fat 
content with the addition of some food gums. This result is in agreement with Jia et al. (2018), who 
reported that pre-drying before deep-frying effectively reduce oil uptake up to 47 % on fried potato 
slices. Notably, pre-drying resulted in food dehydration generated an external crust which increased 
the resistance to oil transfer during frying. Also, decreasing food moisture reduces oil absorption 
due to less development of crust porosity (Lumanlan et al., 2019).  
 
 






Table 28. Fat content of chips with 60 min pre-drying 
 
Food gums  Concentration (%) Fat content (% db)  
No food gum 0 18.02 ± 1.99bcd 
Gellan gum 0.25 14.93 ± 2.14ef 
Gellan gum 0.75 14.12 ± 1.93f 
Gellan gum 1.00 16.41 ± 2.23cdef 
Gellan gum 2.00 23.20 ± 1.46a 
Guar gum 0.25 15.68 ± 1.11def 
Guar gum 0.75 14.66 ± 2.28ef 
Guar gum 1.00 16.24 ± 0.42cdef 
Guar gum 2.00 15.01 ± 1.31ef 
Methylcellulose  0.25 15.28 ± 1.23def 
Methylcellulose 0.75 18.54 ± 1.06bc 
Methylcellulose 1.00 19.89 ± 1.89b 
Methylcellulose 2.00 20.16 ± 1.32b 
Xanthan gum 0.25 14.87 ± 0.32ef 
Xanthan gum 0.75 14.75 ± 0.08ef 
Xanthan gum 1.00 14.84 ± 2.03ef 
Xanthan gum 2.00 16.91 ± 1.43cde 





4.5.7   Fat content of chips with 90 min pre-drying   
 
The results of 90 min pre-drying (Table 29) showed a different trend in reducing fat content 
compared to 60 min pre-drying (Table 28). At 90 min pre-drying, gellan gum 1 and 2 % and 
methylcellulose 2 % showed the highest fat contents. The fat content of chips with 90 min pre-
drying resulted in 12.42 % with 0.75 % gellan gum, showed a significant difference compared to 
no food gum. Sample with no food gum resulted in 15.66 % fat content, showed no significant 
difference compared to chips with food gums except for 2 % methylcellulose.  
The data showed that 90 min pre-drying could reduce fat content with or without food gums. 
Similarly, Debnath et al. (2003), found that 90 min pre-drying at 60 ºC effectively reduce moisture 
by 74 % which resulted in a 54 % fat reduction. Also, frying time and the temperature were reduced 
without compromising on the sensory quality characteristics of the fried ribbon snack.   
Accordingly, the oil absorbs during frying is highly influenced by the amount of moisture content 
before deep frying. Water loss by pre-drying increases the solid content and reduces the moisture 
and oil exchange during deep-frying resulting in lower fat content (Lumanlan et al., 2019). 
Moreover, pre-drying shows a significant oil uptake reduction while enhancing texture, colour and 
taste (Kumar et al., 2017). However, in their study, the addition of food gums was not examined. 
More recently, Lumanlan et al. (2019) reported that promising results of food gums and pre-drying 
in reducing the fat content in some fried foods. They stated that potato fried chips with food gums 
resulted in a smoother surface and less porous crust reduced fat content by up to 57 %. Also, 
lowering the moisture content from 39 % to 10 % by pre-drying improves crispiness and reduced 






Table 29. Fat content of chips with 90 min pre-drying 
 
Food gums  Concentration (%) Fat content (% db)  
No food gum 0 15.66 ± 2.37bc 
Gellan gum 0.25 13.81 ± 2.60bcd 
Gellan gum 0.75 12.42 ± 0.65d 
Gellan gum 1.00 16.23 ± 0.75abc 
Gellan gum 2.00 16.49 ± 0.54ab 
Guar gum 0.25 14.12 ± 0.3bcd 
Guar gum 0.75 13.97 ± 1.40bcd 
Guar gum 1.00 14.94 ± 1.90bcd 
Guar gum 2.00 15.36 ± 1.86bc 
Methylcellulose  0.25 15.42 ± 1.19bc 
Methylcellulose 0.75 15.61 ± 0.68bc 
Methylcellulose 1.00 15.78 ± 0.67bc 
Methylcellulose 2.00 18.78 ± 1.60a 
Xanthan gum 0.25 14.46 ± 1.67bcd 
Xanthan gum 0.75 13.56 ± 1.24cd 
Xanthan gum 1.00 14.98 ± 2.94bcd 
Xanthan gum 2.00 15.00 ± 0.87bcd 







Figure 16. Fat content of fried chips with and without food gums and pre-drying 
  
4.6 Percentage change in fat content compared to the control  
 
Treatment with pre-drying and food gums showed negative and positive percentage changes in the 
fat content compared to the control (Fig. 17). The percentage of fat reduction of samples with no 
food gum resulted from 7.85 to 19.94 % with 60 and 90 min pre-drying, respectively. The highest 
reduction in fat content (36.55 %) was recorded in chips with 0.75 % gellan gum with 90 min pre-
drying. However, chips with 2 % gellan gum resulted in an increased in fat content by 18.64 % 
with 90 min pre-drying. This result is in agreement with Bajaj & Singhal (2007), who concluded 
that gellan gum had no significant effect in reducing oil uptake during deep frying. In contrary, 
Garmakhany et al. (2008) reported that the thermo gelling properties of food gum such as xanthan 
gum and guar gum led to less development of porosity. They found that fat content was reduced 

































 Xanthan gum and guar gum treatments reduced the fat contents by 21.44 and 30.63 %, respectively 
after 90 pre-drying (Fig. 16). This result is in agreement by Ajo (2017), who concluded that xanthan 
gum reduced oil absorption by up to 57 %. Accordingly, guar gum and xanthan gum are commonly 
used to enhance product quality at a low cost by food industries (Habibi & Khosravi-Darani, 2017; 
Rather et al., 2017; Bi et al., 2018). 
 
 




4.6.1   Percentage change in fat content compared to the control with 0.25 % food gums  
 
Gellan gum (0.25 %) with 90 min pre-drying resulted in 29.35 % fat reduction compared to the 
control and had no significant difference compared to chips with no food gum after 90 min pre-




chickpea chips (sev) found 25 % oil reduction with gellan gum (0.25 %). However, pre-drying was 
not examined.   
On the other hand, after 60 min pre-drying chips with no food gum resulted in only 7.85 % fat 
reduction, and there were no significant differences compared to chips with guar gum and 
methylcellulose. These findings imply that 60 min pre-drying can reduce the fat content even 
without the addition of any food gums at 0.25 %.    
 
 







4.6.2   Percentage change in fat content compared to the control with 0.75 % food gums  
 
The percentage reduction in the fat content with 0.75 % gellan gum after 90 min pre-drying was 
36.55 % which was significantly different compared to no food gum and methylcellulose with pre-
drying (Fig. 19). Likewise, previous research showed that fried chips reduced oil content by 31 % 
after the addition of 0.75 % gellan gum did not alter the crispiness compared to the control using 
Texture Analyser (Bajaj & Singhal, 2007).  
In contrast, 0.75 % methylcellulose resulted in a low- fat content reduction of 5.21 % with pre-
drying, showed no significant difference compared to no food gum. The data showed that pre-
drying 0.75 % food gums (except for methylcellulose) could significantly reduce fat content.  
 
 







4.6.3   Percentage change in fat content compared to the control with 1 % food gums 
 
Gellan gum, guar gum and xanthan gum showed similar fat reduction at 60 and 90 min pre-drying 
(Fig. 20). The lowest fat reductions were observed in no food gum (60 min pre-drying) and 
methylcellulose (60 min pre-drying). On the contrary, Garcia et al. (2002) reported the highest oil 
uptake reduction by 40 % with no changes in sensory characteristics in fried potato slices with 1 
% methylcellulose. Also, viscosity properties of food gum increase with higher concentration 
resulting in a reduction of oil uptake during frying. However, in their study, the effect of pre-drying 
with food gum was not investigated. The present study showed that adding 1 % xanthan gum and 
60 min pre-drying resulted in about 23 % fat reduction is more energy efficient in producing low-
fat chips.   
 
 




4.6.4   Percentage change in fat content compared to the control with 2 % food gums  
 
Higher percentages of fat reduction were recorded for the samples with no food gums (90 min pre-
drying), gellan gum (90 min pre-drying), guar gum (60 and 90 min pre-drying) and xanthan gum 
(60 and 90 min pre-drying) as shown in Figure 21. Gellan gum (60 min pre-drying) and 
methylcellulose (60 min pre-drying) had no significant effect on fat reduction.  
On the other hand, William & Mittal (1999) reported that the addition of 2 % gellan gum and 
methylcellulose could reduce the fat content by up to 31- 38 %. They stated that increasing food 
gum concentration improves thermo gelling, which develops better film barrier during deep frying 
and limits oil transfer in crust surface.   
 
 





4.7  Relationships between moisture content and fat contents of chips  
4.7.1     Correlations between moisture contents before frying and fat contents after frying - 
(with and without pre-drying) 
 
 
All samples (with and without food gums) showed good to strong correlations between the moisture 
content before deep frying chips and fat content after deep drying (Table 30). A very strong 
correlation (R2 = 0.85) was observed between moisture content before deep-frying and fat content 
after frying on chips with xanthan gum. Gellan gum showed good correlation (R2 = 0.79). The 
relationships were dependent on the type of food gum and pre-drying. Recently, Lumanlan et al. 
(2019) stated that the reduction of moisture content by pre-drying develops a less porous crust and 
reduces oil absorption during deep frying.  
 
Table 30. Regression equations between moisture contents before frying (x) and fat 
content after frying chips (y) – (with and without pre-drying) 
 
     Food gums 
 
Regression equation Correlation coefficient 
(R2) 
No food gum y = 0.23x + 14.33 0.69 
Gellan gum y = 0.43x + 11.85 0.51 
Guar gum y = 0.30x + 11.82 0.79 
Methylcellulose y = 0.30x + 14.63 0.65 





4.7.2   Correlations between moisture contents before frying and fat contents after frying  
           chips - (without pre-drying)  
 
Very strong correlations between moisture contents (without pre-drying) and fat contents after 
frying chips were recorded (Table 31). Samples with guar gum showed the strongest correlation 
with R2 = 0.99. The results clearly indicated that the amount of moisture content before deep-
frying without pre-drying is strongly related to the fat content of chips after frying.    
 
         
Table 31. Regression equations between moisture contents before frying (x) and fat 




Regression equation Correlation coefficient 
(R2) 
Gellan gum y = 28.67x + 673.40 0.83 
Guar gum y = 12.83x + 310.50 0.99 
Methylcellulose y = 8.98x + 225.92 0.89 
Xanthan gum y = 9.74x + 201.28 0.80 
 
 





4.7.3   Correlations between moisture contents before frying and fat contents after frying  
          chips – (with pre-drying) 
Moisture contents after pre-drying and fat contents after frying chips showed low to very poor 
correlations (Table 32). Chips with xanthan gum resulted in R2 = 0.01 implies that reduction of 
moisture content with pre-drying before deep frying has no relationship with the fat content after 
frying of chips. In contrary, Debnath et al. (2003) and Jia et al. (2018) concluded that moisture 
reduction with pre-drying was linked to the fat content of the final product.  They found that 10 
% moisture content before deep-frying resulted in 10 % fat content after deep frying (Debnath et 
al., 2003). However, in their study, the addition of food gums was not examined.  
 
 
          
Table 32. Regression equations between moisture contents before frying (x) and fat 




Regression equation Correlation coefficient 
(R2) 
Gellan gum y = 1.25x + 4.85 0.50 
Guar gum y = 0.31x + 11.84 0.40 
Methylcellulose y = 1.09x + 8.85 0.42 








5.  Conclusions  
The fat content of chips can be reduced by 15 % with 90 min pre-drying when no food gum was 
incorporated. The effect of food gums on the fat content of fried chips depends on the type of food 
gums. The relationship between the moisture content before frying and fat content after frying 
depends on the type of food gums and pre-drying.   
The addition of food gums in chips has no significant effect on reducing the fat content. The 
reduction of moisture content by pre-drying with or without food gums resulted in low-fat chips. 
Pre-drying samples with or without food gum for 60 min seems to be an economical way of 





6. Suggestions for Further Research 
The nutritional value of fried chips and sensory evaluation should be investigated with the addition 
of the following dry ingredients:  
• Increase the concentration level of lupin flour, which is high in protein and dietary fibre.   
• Investigate the addition of chickpea flour on nutritional value and consumers acceptability.  
• Investigate the addition of hemp flour on quality parameters of chips. 
• Investigate the addition of coconut flour rich in nutrients and beneficial fats.  
• Determine the effect of pre-drying time by 10, 20, and 30 min on fat content and moisture 
content of fried chips.  
• Investigate the effects in fat and moisture content in fried chips using other types of food 
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8. Appendix  
 
 
Appendix A: Moisture reduction after pre-drying  
 
 






pre-drying (%)  
Control 0 60 70.3 62 11.81 
 0 90 71.1 62.1 12.66 
Methylcellulose 0.25 60 70.7 60.13 14.95 
 0.75 60 70.45 59.55 15.47 
 1 60 71.43 62.47 12.54 
 2 60 70.37 60.34 14.25 
 0.25 90 70.53 59.24 16.01 
 0.75 90 70.53 58.99 16.36 
 1 90 71.92 60.94 15.27 
 2 90 70.63 59.59 15.63 
Gellan Gum  0.25 60 70 59.58 14.89 
 0.75 60 70.55 61.66 12.60 
  1 60 70.78 62.12 12.24 
 2 60 70.78 62.79 11.29 
 0.25 90 70.16 58.75 16.26 
 0.75 90 70.26 58.99 16.04 
 1 90 70.71 60.7 14.16 
 2 90 70.34 59.58 15.30 
Xanthan Gum  0.25 60 70.9 61.9 12.69 
  0.75 60 70.8 60.8 14.12 
  1 60 70.6 60.9 13.74  
2 60 70.8 60.3 14.83 
 0.25 90 70.7 59.4 15.98 
  0.75 90 70.8 59.7 15.68 
  1 90 70.8 59.8 15.54 
 2 90 70.6 58.1 17.71 
Guar gum 0.25 60 70.2 60.6 13.68  
0.75 60 70.6 62.1 12.04  
1 60 70.5 61.3 13.05  
2 60 70.2 60.8 13.39  
0.25 90 70.8 63.6 10.17  
0.75 90 70.7 60 15.13  
1 90 70.7 58.6 12.1  





Appendix B: Moisture and fat content of fried chips 
 
Moisture and fat content of fried chips  (n=153 /three replicates) 






Mean  SD Fat content 
(% db) 
Mean  SD 
Control  0 0 3.35 5.16 1.57 18.97 19.56 0.95 








Control  0 60 3.19 3.28 0.37 16.54 18.02 1.99 








Control  0 90 1.49 1.12 0.51 14.24 15.66 2.37 










0.25 0 5.81 4.91 1.03 18.19 20.26 2.87 
methylcellulo
se 












0.25 60 2.98 2.83 0.29 16.62 15.29 1.24 
methylcellulo
se 












0.25 90 3.07 2.95 0.13 16.80 15.42 1.19 
methylcellulo
se 












0.75 0 3.31 2.90 0.40 22.78 21.97 0.82 
methylcellulo
se 












0.75 60 0.43 1.15 0.83 19.73 18.54 1.07 
methylcellulo
se 












0.75 90 2.60 2.62 0.14 15.50 15.62 0.69 
methylcellulo
se 












1 0 3.31 3.12 0.17 22.78 21.77 1.18 
methylcellulo
se 












1 60 6.18 3.84 2.34 21.74 19.90 1.89 
methylcellulo
se 












1 90 2.34 1.98 0.50 15.01 15.79 0.67 
methylcellulo
se 















2 0 4.49 4.77 0.86 22.30 23.20 0.87 
methylcellulo
se 












2 60 2.16 2.12 0.24 19.98 20.16 1.32 
methylcellulo
se 












2 90 2.60 2.71 0.10 20.62 18.78 1.60 
methylcellulo
se 










Gellan 0.25 0 5.54 5.13 0.52 17.26 17.95 1.34 








Gellan 0.25 60 1.19 2.05 0.74 17.32 14.93 2.14 








Gellan 0.25 90 2.00 1.71 1.20 15.02 13.82 2.61 








Gellan 0.75 0 6.66 6.63 1.21 16.81 18.61 1.59 








Gellan 0.75 60 0.94 1.49 0.50 13.10 14.12 1.94 








Gellan 0.75 90 3.24 1.98 1.67 13.07 10.09 4.09 








Gellan 1 0 6.65 6.00 0.58 22.75 23.17 0.41 








Gellan 1 60 2.12 2.42 0.39 13.84 16.41 2.23 








Gellan 1 90 1.74 3.15 1.67 17.03 15.52 0.76 








Gellan 2 0 3.84 4.64 1.43 25.79 26.11 0.38 








Gellan 2 60 1.28 1.58 0.27 21.52 23.21 1.46 








Gellan 2 90 0.22 0.77 0.95 15.86 16.49 0.55 








Xanthan 0.25 0 5.93 6.12 0.97 21.35 21.94 0.69 











Xanthan 0.25 60 3.48 3.36 0.14 14.83 14.88 0.33 








Xanthan 0.25 90 2.52 2.61 0.65 15.61 14.46 1.68 








Xanthan 0.75 0 6.82 6.00 0.87 21.04 19.81 1.09 








Xanthan 0.75 60 4.28 3.39 0.90 14.68 14.75 0.09 








Xanthan 0.75 90 4.02 2.76 2.13 13.51 13.57 1.25 








Xanthan 1 0 5.95 5.77 0.69 20.86 20.68 0.28 








Xanthan 1 60 3.53 2.76 1.58 12.78 14.84 2.03 













Xanthan 1 90 3.37 1.89 1.32 11.67 14.98 2.95 








Xanthan 2 0 7.28 7.02 0.25 17.97 18.69 1.03 








Xanthan 2 60 4.01 2.98 2.02 16.00 16.91 1.43 








Xanthan 2 90 2.11 2.40 1.38 14.51 15.00 0.88 








Guar 0.25 0 3.66 4.80 1.05 16.07 17.06 1.99 








Guar 0.25 60 2.16 2.56 1.08 16.50 15.69 1.11 








Guar 0.25 90 1.79 2.66 0.75 14.08 14.12 0.04 








Guar 0.75 0 4.96 5.00 0.08 19.62 18.44 1.05 








Guar 0.75 60 2.63 3.02 1.00 12.16 14.67 2.28 











Guar 0.75 90 3.69 2.61 1.15 14.00 13.97 1.41 








Guar 1 0 7.17 6.99 0.52 17.74 18.87 1.10 








Guar 1 60 1.77 2.53 0.85 16.55 16.24 0.43 








Guar 1 90 2.55 2.22 0.61 14.04 14.94 1.90 








Guar 2 0 5.71 5.78 0.64 21.38 20.98 0.35 








Guar 2 60 0.73 1.56 0.82 13.75 15.02 1.32 








Guar 2 90 2.17 2.15 0.35 13.24 15.37 1.86 














Appendix C: Percentage change in fat content compare to the control 
 
Change in fat content compare to the control  
Food gums %   Pre-Drying (min) Change in fat content 
compare to the control (%) 
Control  0  0 0.00 
Control  0  60 -7.85 
Control  0  90 -19.94 
methylcellulose 0.25  0 3.60 
methylcellulose 0.25  60 -21.84 
methylcellulose 0.25  90 -21.15 
methylcellulose 0.75  0 12.33 
methylcellulose 0.75  60 -5.21 
methylcellulose 0.75  90 -20.17 
methylcellulose 1  0 20.56 
methylcellulose 1  60 1.72 
methylcellulose 1  90 11.28 
methylcellulose 2  0 18.59 
methylcellulose 2  60 3.09 
methylcellulose 2  90 20.56 
Gellan 0.25  0 -8.21 
Gellan 0.25  60 -23.67 
Gellan 0.25  90 -29.35 
Gellan 0.75  0 -4.86 
Gellan 0.75  60 -27.80 
Gellan 0.75  90 -48.42 
Gellan 1  0 18.43 
Gellan 1  60 -16.09 
Gellan 1  90 -20.68 
Gellan 2  0 33.50 
Gellan 2  60 18.64 
Gellan 2  90 -15.68 
Xanthan 0.25  0 12.15 
Xanthan 0.25  60 -23.95 
Xanthan 0.25  90 -26.06 
Xanthan 0.75  0 1.28 
Xanthan 0.75  60 -24.57 
Xanthan 0.75  90 -30.63 
Xanthan 1  0 5.70 
Xanthan 1  60 -24.11 
Xanthan 1  90 -23.41 
Xanthan 2  0 -4.46 
Xanthan 2  60 -13.53 
Xanthan 2  90 -23.29 
Guar 0.25  0 -12.78 
Guar 0.25  60 -19.80 
Guar 0.25  90 -27.79 
Guar 0.75  0 -5.75 
Guar 0.75  60 -25.02 
Guar 0.75  90 -28.57 
Guar 1  0 -3.54 
Guar 1  60 -16.96 
Guar 1  90 -23.60 
Guar 2  0 7.28 
Guar 2  60 -23.22 




Appendix D: Significant differences (Moisture content of fried chips) 
 






















Appendix E: Significant differences (Fat content) 
 
Significant differences (Fat Content) 
 
 
 
 
 
105 
 
 
 
 
106 
 
 
 
 
 
 
 
 
 
 
